Radie fhaek caLNo. 62-5011

( Radie fhaek )

A Division of Tandy Corporation
Fort Worth, TX 76102

L\ PRIITED N LUS.A

0 'l40293 1{}53?“" 2

Engineer’s
Mini-Notebook

Op Amp e _
IC Circuits = sessuiggues %

ey

Forrest M. Mims III




CIRCUIT SYMBOLS

MY 1, L ___J‘Lk/\

e

VARIABLE FIXED PoLARIZED
RESISTOR RESISTOR CAPAC\TOR CAPAcITOR

— —— A R

RECTIFIER/ ZENER PNP NPN
DIODE TRAMGSISTOR TRANSISTOR

-+ 5 @

FIXED

SOLAR PHOTO — PHoTC-
LED CELL RESISTOR TRANSISTOR
I tV
I | } 1
CONNECTED UNCONNECTED PosIiTIVE
WIRES WIRES SUPPLY & RovND
a I
gt - s o —olo—
o

MNORMABLLY MORMALLY

SPST SPDT CPEM CLOSED
SwITCH SWITCH PUSHEUTTON PusHBUTTON
E:E-
ﬂ..__.ﬂ I + o
¢
T e W O
- PIE20O-
RELAY TRANSFORMER <SPEAKER SPEAKER
+ —
Q) & - P
METER LAMP BATTERY OP-AMP

% ]i &b,

; G O R | i
1 fad 45 IV N
. al ;
OP-AMP  CIRCUI
: : : i
' Ry = [0 081 S < L O |
| i | | |
| ] 1
e o) ot |
—HHHHPPE
~[FORREST M. MIMS,
NN SN ISRAE RTINS W S SR &
| o3 T Falot
EENNC SN LSS EaE
| ENNEEI RN TE W E
T TR EEESNN F TR
I —Lrl' || i
Ll 1Pl ]| SEcaniD lEDiTIE 9
B h1 ';__%__?__j. Tm&n%n ING-1994
4 - -JI__-J_,___E.quJ,B.]!'_i'l:L _IER.LB!T'[I*@_-L%& SN L MWW 4k |
: | 1 ! .'_I; de, L " E i ; 2. '.._h% .._1!:_|___ s 40ihey 4.
; R S e 1 6 TP, (S50 0K oSy S SN PR O 1 S o % 8 S L R
I FEar ol ot fuls el ] et i %
1 4 O % R T | | |
LD A SiLicoNCEPTS™
| i -+ . .

s e —-—




.......

__TH\3 Rook mc.l.unE.s E‘mMBHRD

__PATE NTS,

RADIO |

.E\ PPLICATION

__CIRQUITS | AND CIRQUHS DESIGMED| BY. THE . |
AUTHOR. EACH [CIRGUIT |WAS ASSEMBLED | AND.
TEZTED | BY. ™E  AuTHoR | AS| THE |Bsok -.uﬂs

DEVELDPED. .N‘-TEE THE Bbok WHSJEGHPLETE.EI
THE | AUTHOR REASSEMELED EACH CIRCUIT TO
CHECK FOR ERRORS.

AniD: EﬂHiTﬁ.uc.Tlth \METHAODS | MAY

GIVEN . HERE. THEREFORE THE AUTHeR AnD

RADIn

FOR . AnY  APPLICATION..

OF  COLRSE | IT .
SALE  OR MAANUEACTURE

MATION | IN  THIS | BOoOK = INFRINGES | ANY

QOPYRIGHTS OR OTHER RIGHTS.

DuEe 1o THE  MANY

RADIO  SHACK | AnD  TH AUTHOR, (T IS5 NoT |
PossiELE TO  PROVIDE PERSDMHL RE S POMNSES |
T0 REQUESTS FOR ADDITIONAL | |NFORMATION |

(CusTaH CLRCLIT  DESIGN ,

TROVBLESHOOTING  AduICE | E.Tr.*.). IF. You

WisH  To  LEARMN | MORE A&:ur E.f._E.Erﬂwilcs:

SEE OTHER LM L THIS. SEEIES A,-uﬂ

sm& TED |

 Books
SHﬁCH. s "GETTING
ELECTROMNIC S, ! ALso, READ

POPULAR ELEQTRoMICS

WHILE, REASONAELE ;:ﬁﬁ.ﬁ
L WAS EXERCISED | |n.  THE PREPARATION OF. THIS |
Book, VARIATIONS N COMPONENT TOLERANCES |
! . CAUSE THE | |
REsSuLTS. You O08BTAIN | TOD. DtFFEEiL. FEROM. _THAOSE,

| SHACK ASSUME NO RESPONS(BIITY FoR . |
TE._ SulTABILITY (OF THIS _Book's . CoMNTEmLTS. | |
| | SINCE  WE HAUE MO
~—CONTROL _OVER THE ULSE T WHICH THE
. INFORMATION | IN. THIS. BoOk s PuT,  WE
. ASSIUME NO  LIABILITY. FOR . AAY DHHAEES L.
L RESVULTING (FROM. ITS WUSE.
IS, YOUR RESPONSIEILITY  To. DETERMINE |F |
ComnERCIAL USE,. |
OF I ANY DEVICE THAT INCORPORATES |NEOR= |

m&mm‘é_&' EEEE;#EB. gy |

TECHNICAL  ADVICE, .

HHEAZEMES L!L'!_.i

AND RADIO-ELECTRONICS,

i |
i
lNTEODUCTlON 5 O
P{)WERING DP-AMPS 1 - {L;"i
OP-AMP SPECIFICATIQNE L _-?:'";“
C[RCU\T ASSEMBL‘{ TIPS NI
714!(_‘ OP-AMP k En
1458 DUAL OP- AMP aprl e .f *f"éiiL__-
3351 QUAD COMPARATOR 5
i 1 1388 ANDIO | AMPLiFiER.__ o] .!_1;_1._
IRCLHTS Y 1 I
| BASIC [NVERTING AMPLIFIER ﬁ_"fff_]_,"_._ﬁﬁ.zi
Ll UNITY. GAIN. INVERTER | & | = | | | 112 |
.. NON-INVERTING AMPLIFIER 115
. UNITY-GAIN FOLLOWER | | 113
. TRANSCONDUGTANCE | AMPLIFIER | 14,
o TRANSIMPEDAMCE AMPLIFIER L1S)
SINGLE-SUPPLY AMPLIFIER | B
_AUDIO | AMPLIFIER | e} L7
_SUMMING | AMPLIFIER | 118,
__DIFEERENCE AMPLIFIER & | L1490
L DUAL=SLHIPPLY. INTEGRATOR | | | L | |21
- SINGLE=SUPPLY | INTEGRATOR. | I | 1210) |
.. DUAL-SUPPLY DIFFERENTIATOR. | |21y |
b SINGLE=SUPPLY DLFFEEENTIATQR J241 ]
L PEAKIDETECTORN bl 1o bl o] b ) e b dpigd
_INVERTING CLIPPER . . 23]
L NON-INVERTING CLIPPER S O 0
L BISTARLE RS _FLIP=-FLO® | [ 1.1 1. | 12:4]
MDNDSTAELE MULTIUIERATE:R 2.5/
3]

.....




: ; ;__'_ __,__;__1__;__{_...;__a._._-i-,.,_5..,.-__.; I___,L_;_i__h_f_;h...g. B 80! 184
ClE.ClJlTS g Jl .'_'3".‘1__:_:'__;'_".'_‘2 T
£ .:_.'__. J L I.-_.__!_;__'__.-,;.-i e S 4 ko
_EASI.:: commﬁxma R 7
RASIC WINDOW. EMARATQR.__._!_ I 2asdq) |
] A_S-"STEP SEQUENCER. | | Lt S B 6 | I
| | BARGRAPH VOLTMETER | | | £ L 1 | [ 1 | | {21 |
._.-LLEHTE-&CTH-JHT.ED -RELM’E 1 ) N 15,1, 10 .-[.3512; 4
i L LSBT ACTIMATED ALERTER £ | | 1 1] | | '3
L DARK-ACTIVATED ALERTER | | | _ L 0.
¥ LIGHT-EENSHIU,“; GEE%LLhTﬂR’:&_._:_ = & 2 '_.31
13
=
2

lNTRODUCTlON _

.,THE &PERATLQM&L hMPL!FlF_R DR GF—AMF !
1S A RIGH PERFORMANCE LINEAR AMPLIEIER

L WITRC RN AMAZING UhRiETY OF_ QSES.. [THE| [ ._

—OP-AMP __HAS  TwWO! INPUTS, INVERTING (=)! @ |

- AND | NON-INMVERTING (+) 4 Am:: QNE | aurﬁ'utr...} |

THE POLARITY OF A ElﬁuaL APPLIED TO THE. | |

_INVERTING  INPUT IS REVERSED |AT THE | |

OLTPUT. A SIGNAL APPLIED 'rc:: THE. Nrﬁhl*.. =

INVERTING INPUT EETAIME ITS. FDLARITY JAT 1 o 1

L1 HIGH ~SENSITIVITY. LIGHT METER |
: THE I:'UTFUT. L Ravy

I | | SOUND-LEVEL METER
L1l SOUND-ACTIATED [ RELAY [ | T [ 1 [ 1 1= | '
| PERCUSSION, SYNTHESIZER . B ! S ! Gl SR i THE  GAIN (DEEREE oF AMPLiFtcﬁ.Tmm) OF .
- LAN| OP-AMP ||S DETERMINED BY A FEEDBACK| | |
_RESISTOR . THAT FEEDS _SOME OF THE| | . . | |
_ AMPLIFIED | SIGNAL  FROM THE. ﬂuTPUT TOLTHE | |
— ANVERTING INPUT.  THIS REDUCES | THE = 8
L AMPLITLUDE . OF THE OUTPUT . a:h:suar_ HEME’E 4k
. THE GAIN. | THE SMALLER/ 'IH‘E. Rgil:a-rna

TRE. | LoweRLTHE! miped 4 L g o b off ) _.j .

i\ PIEZO ELEMENT | DRIVER e LT | 1=9.] |
I JOWN-pasE pumeg | 1ol 1 LT L LT gt
f L HlieH+PASS EULTiER:] L[ ) L L L Bl g ]
| 11 ho-Hd NoTew Tetfers | | [T 1T 17T 1T T Tgal T
i | TUNABLE BANDPASS FILTER | | | | | | | 43|
L1 MINI-cOLoR oRaANT | [ T T T T g amis [
L1l SQUARE 'WAVE |GENERATOR | | [ | | "1 Tqf |
i L SINE IWAYE OScILATOR! | [ | [ L4 [ 1 | 4] | = §es
Fumc*rwm (GENERATOR | 204 Lo b iy HERE IS A BASIC INVERTING. HMFLIFIER -
= ] LT S 1R AT B MADE. WITH ! AN OP-AMP: | ! O [ (1 A 5 ¢

' - N

| GA!IM = RF ,/R.IM ol _.;;_-_}.
[ Mour -'*um (Er- /au}

S SRS M

Hlsmr«;lcfz.L KR T

THE. GFERHTmmAL AMFLlFiER WF..S !}ELtEL:::PED'
FOR USE | IN |ANALOG | CEHPUTERE AN THE -
_194ps, EARL":’ OP~AMPS. uSE.D \:Muum TUBES, |
AND wEra_E. LARGE IN !SIZE AMD CONSUMED |
_CONSIDERABLE | PowER. . (ND 1967 FAIRCHILD |
ISEMICONDUCTOR ANTRODUCED THE FIRST | | | |
L INTEGRATED | CIRCUIT |OP-AMP, | TDDAY'S  IC .
__OP-AMPS  ARE FAR SUPERIOR TD MEIRAL |
L VACLUDM TUBE| PREDECESSORS. AND 'm&v L
- ARE__MUCH SMALLER _AND CAN. BE |PURCHASED |
| _FORL._AS LLTTLE. ﬁ-.s A anLAR OR | 'nuai L tohd

Vin

I‘Inur.. e o T s ey S 1 B |

. "é' ‘ :’— L ORITPUT 1 ! 1+—

THE GAIN 1S '.MbEPEH DENT uF THE. ELIP?L?| I '

I
| NOLTAGE. ' NOTE THWAT THE UNUSED WFCE-J7 ol I W |
. 1S GROUNDED. THEREFORE THE  OP~AMP. d 1
| . o 28 F2 AMPLIFIES | THE DIFEERENCE BETWEEN THE | . |
E~ | IMPUT (Vin) AND | GROUND. Colvours). Imhe | | | |
| | : S 30 OP-AMP IS, THEN A DIFFERENTIAL AMPLIFIER. | +

4 | |t | L



| | | | |
1 i 1 | ! »
| H— i S— Y Dy —, - R -
. 1 t r

| , T i i |
ol IR i E1E _.,._.;,  THCY s . - | e S TF ..i-..'..-.... N F. I I S .

L Tl o S el Sl

_THE! FEEI‘.‘-\BACK RESISTOR (Rf) TAND AN

bFAME FORM A CLOSED FREEDBACK LOOP. WHEN-

| RF IS OMITTED|, THE OP-AMP .15 _SAID. TO BE IN ITS
L1 | OPEN LoaP MODE. THE OP-AMP THEN EXHIRITS MAX-
- 'lMu.M. GAIN, BUY ITS OUTPUT THEN SWINGS FROM
1 _FULY ON D FULL OFF OR VICE. VERSA FOR. u'Eg‘:f
L. SMALL CHRAMGES IN _INPUT VOLTAGE. THE.REFQEE
.. THE| OPEN/ LOGP MODE IS _NOT PRACTICAL FOR | |
_LINEAR  AMPLIFICATION. INSTEAD THIS MPDE IS
L. . VSED iTD INDICATE WHEN THE VOLTAGE AT OME
L | INPUT DIFFERS FROM THAT AT THE! OTHER. IN
L. TS MODBE THE OP-AMP s CALLED. A CoMPAR=
L. | AToR | SINCE PA
w'.TH THE ETHEE'..- el S L o I O O

PDWERlNG OP—AMPS

figt: = ._Mﬂﬁcr ;::P AMP.E fmn EFFAMF cLRr:uuTs RE&UIRE

L | A DUAL |PODLARITY POWER SUPPLY. HERE IS5 A

1 SIMPLE DUAL POLARITY. SUPPLY MADE FROM Twc:
Q-UOLT BATTERIES: |

‘? 'u*ﬂLTS ‘i‘ VﬂLTS

EGEROUND.

| | | IMPORTANT: THE LEADS FROM THE SuPPLY TD THE |
L OP-AMP SHouiD RBE  SHORT . AnD  DIRECT. (IF THEY.
L EBXCEED ABOUT L INCHES, ! THE  OP=AMPR's = | |
L. [SOPPLY | PInS. MUST BE BYPASSED RBRY CONNECT-
L ING. A 0.1 uF CAPACITOR BETWEEN EACH @
POWER SUPPLY PIn  AND GRAUND. OTHERWISE
__THE OP-AMP MAY OSCILLATE oR FAIL TO
__OPERATE PROPERLY..
BOTH MUST SuPPLY THE SAME VOLTAGE. BE

__SURE | THE RBATTERY LIPS ARE CLEAM AND |

TIGHT. NEVER APPLY AN
THE  PoWER <SUPPLY .

INPUT | SIGMNAL WHEN
IS . SMIITCHED . OFF.

e |

ALWAYS USE FRESH BATTERIES.

| )
e — : S DU —- S —_— .I._.I..

IT_COMPARES ONE INPUT VOLTAGE

+q'.k;<_| , | = 'J:;\Lﬂ,' |i_,. '=!v |

d | I _-___15_4'______;4

| el puTeur b BEl AT [0 VOLTS. N
' RETECT Al SIGNAL!

i |
| AN 0P~AMP WiLL [FUNCTION. |

]‘ _I. I_|_ n____ |____+_.,...T_._!__|I__ .I._ -i'"--!- .-L.__I. .i..-_i-__i,_.:._.L.ﬂ;.. —of e
| | | 1 | ] |

:GPFAM P SPECIFICATIO NS T

GP m-gws HRE cHhE&cTEszt: E“r Dazﬁﬂs. m‘:
, '.:‘.Pﬁm'.‘-tcmmb.ia | SOME OF WHICH ARE! G\VEN ;_;
L LON ITHE EDLLQUJJMGL PAGES,. “mns.a_thsf. o e W
. MEAH;HJ& Is. not npumus ,AELE." A

| | |
-I- ! —F— — J. ._1_

_INPUT ﬂFFSE.T VOLTAGE — EVEN m'm NO. _LHFHI_____l {
IVOLTAGE | AN | DF~AMP CIVES | A VERY. ma = Sa f-

| louTPUT |VOLTAGE. |THE OFESET VOLTAGE. IS 1_!-_1

__WhICH . WHEN APPLIED TD ONE! lmur qaus&s1 15,
wir

-.rl-_lulll

=-=E

1 r::nmr—mm _MODE RETECTION F.m-m — This! 15 Al 11
MEASURE OF THE ARILITY. OF AN aP-hMP o {1

smm_muggusw HPﬂ_iEQ_.;___;_____

1 = e 1 S P

LT BI:ITH INPUTS . . | 41 ! | |
1 'EAmnwmrﬁ_'_'_THE EREQUENCY RANGE OVER WHIGH| | |
THE. FR.E.&UEM:CY]
AT WHIGH  THE! EAIN. FALLS | TI.'.'-' 1. - ;_._i___
ONITY. EMN FREQUEMQ‘L =2
SLEW RATE~ THE RATE  OF RANGE | In THE_.__j_
oUTPUT . OF AN OP-AMP | [N VolTiS| RER ] | | |
anﬂ.ns'ecdmn WHEN, I THE r_r.mm ME ':I.. R .

BERET

CIRCUlT Aassmaw TIPS EEEEEERE)

o] A A S

NoU. AN USUALLY SUESTHUTF. DIFQEE.EJ,M’T' '._i__L

__LOP~AMPS In_ A CIRCUIT. | FOR. EXAMPLE, usE. ! i =

AL 1458 DUAL OP-AMP 1IN A CIRCUIT. THAT. .. L__i__

REQUIRES TWO 141 OP-AMPS.  RE SURE. TO ; -
KEEP TRACK OF PIN. DIFFERENCES. | FOR . | | .
VERY. HIGH |mPUT E.E.51ETAHCE, CAND. u:w| s

) ¢
OPERATING CURRENT, USE CMOS OP-AMPS. . .

L JUSE B HiGH-IMFEGA.Mt:E. vﬂLTHETE:F. TD |
_IMDNITOR | THE OUTPUT. OF AN | OPTAMP | -mm— I
1S AMPLIFYING A d.c. VOLTAGE. |F A CIRCWIT | 1 L
_FAILS | 10 WORK , REMOVE! |NPUT . SIGANAL EIRST. | | |
_ THEN _ DISCONNEQT | POWER (AND CHECK THE .

WIRING, | USE FRESM BATTERIES, . | . | | | | | |
| | | , H



| | | | 1 1 =S B | }
i O - B | J_ Y N | B |
T oree— 1|- P ——;-—Ir---—l- —fes -i . __Ir —d—— .I--.__i.
I I. I 4 i —!—— L
|

e -
i aRanE HHEEHEHEHHHH
._..;11455 T)IJAL QF—AM# T

|._
| | I |
" -.:_ —— - - S PRRSISSF "M | | - " ma _i' S, e S R = T . !. _—
| | | I | | | { i | | i
T B e i = e - I—-:- - H | R V— _..._-_l.-_|_-|.—---

e 1q53 mm_unﬁ*at_... _Ol.; 0
. mwo INDEPENDENT, nu'r,_ 1}) IR -, o

EENEEE 7';‘_; T _a...;_j_]_:'j_ =
§ N T i ) T )
:721 1—@5 { f ___T'. ]

| |
[ *me. ‘?H-LL s h ol 4y QFFEE "< I I N I ) 2
| H\GHLY POPULAR Mw.i. U~ 18] unused
J_4 i GENERAL Puﬂzuj.ﬁ bl ) 15 8 il
! 1_1_. nF-AMP AT s 1 -Lu
Ll swmpe lTolose, | | | ||
-!-—'—I {RELIABLE ,| AND __.__._;i;qu
g UNEXPEMSIVES | | | L L] L
; ] AT AstusER | N L L L=V SEEN N E
L IMBST | GIRCUITS I N N ET
_T!_ I l!'ﬁ_.THl'S amu. | _g___;,._, 98 L 01O O S I W 1 1 W

GENEE&L Fua.?use.
ﬂ?—AMPs N A | .._J.-;-m;
.....__-,stmcu.a PACKAGE. | | | | !
__ITHE AMPLIFIERS | | AN = s +——
_ISHARE COMMON = ] Fitl e s o A
_POWER |SUPPLY PINS. =V El==CETIRN
____i_ lusel wigepuneel | L 1 1 11 1o L] At

|-..|
58
~

|

] =
21
- o
F+—5
|
i

|s
1

|

|

i
‘%
-IJ.:. ==
-
l'-1

L

B | - TWO 741 npumps- A
= ERNERNENENI SN O B e O SR R
- ;_IMUM RATLNGS ENREZREENN ' |

e e e, e SIS SV NS DU SN S
- . MAXIMUM E‘AT\NGS ETENEE RS RER
.___suFFu:r UQLTF\E.E R e k18 VNN ! O Ol T
| IPOWER DlEE:lFA.TlDH FLuts pa Saq bnw.__uﬁ
_[__LTUIFFEE.EMTEAL mPl:.-'rh_um:rAQE L iEre I |
| _INPUT! VOLTAGE! (mmfi.l}+_...;.. ELTTYE
_J_;_.--. TRUT SHORT CIRCUIT TIME . IHDE_E-lmTF_

p?f.m"nme TEMPE.{EATHRE L1 BpelTp 'm c'.__,

.I, o i . e N P s B, PP L

e T__ME:TF_ .L- iuPu—r um.rmiﬁ sﬂbuu} MT Exr.:EED
_1-___-r__-._! SUPPLY. um:fits WHEN . SUPPLY . VOLTAGE s,
.! - LE."SE THHM VOLTS.

BES R
T %CHAR&CTERiST'lCS GW?TIF_ 2)

|
SLPRLY. VOLTAGE EEREER:ITESVRENERN
PﬂwER n.taswmmu fy 8 L 400 MW | | | |
| IDIFFERENTIAL INPUT, VOLTAGE . | | TR0 Al | 1L L]
b | _.,! IPUTL VOLTAGE. (MoTe ) | 1 | | | g Mg | | |
__|_|OUTPUT | SHORT CIRCUIT TIME. | =3 lMDEFLulTEl 11
| :...-;.DPE._RATI:ME- TEMPEEHWE.E |t -g::'ﬁc..?.zp__;m'c_|._.i._1-
| | | i | ; i .' : !
| idmmz. 1 1NPuT m:mrm:-:&. s!-'.ouu:: NoT. E.xcﬁen £y J__J_
_|_SUPPLY  VOLTAGE \WHEN suPPL‘r ua&rﬁd&_ ls 5 &l
.LEE& THP.M iis e | fEi AR .

- LAR ) .I 1 | - -I :— --.— - 1
| | | H I { 1 I
C— L2 .|
l

= ICHARACTERlSTlCS cwe 73 E RN

. ...r....|. i d : I |

I‘
l ! A T E

- | l
! [ | ) _1_'1'0 In IH:V' o] .
|| 1 INPUT| RESISTANGCE. Lefiopid LRiTD 2 M
; '1| VOLTAGE PN Y 20,000 | T0. 200,000
. | COMMON=MODE mm*nﬁu Rp;np 70 T0.90.dB |
I 7 0 1 O~ E - PV Y Mz
| 1_1_ suew i@ptel f1 0 1 4] || ___._.._.__.S v/ MSEC
| | | steey ledeanr [ [ § 1T T 1h 5 zma ._
l in,E.E. ﬂaasuuprmu SO.m 8S MW

- |

|
= .._r.._...._l. H |
1

NOTE | z"um.uﬁs Isnééiuﬂ_ ARE | T‘:’F{ML oR |

TV of ﬂFFf;E-T VOLTAGE ."TmPUT OEFSET VOLTAGE. f I 1

. da 0% I ) R S

INPUT RESISTANCE | | | | | | | ™ 1 M,ﬂi_ i_; '_

VOLTAGE  GAIN | zu,nnatnif.q.ma.

| lCOMMON—MODE. RETECTION | Emnm N0 T0.90.d8 |

. |SUPPLY | CURRENT (NOTE 32) | 3o sq: M;u
P{:WER nuuauupnom ediad- ] ] Esmw

i
1.5
A . £ 1 I I A 1] _i i -

Mm:rs. 2 UF&LUE;-: su.au.-m ARE ;'r'vmcm_ ﬂﬂ
Mlmmm Tt:: WPlcaL :__..-....; LSk __._____-__-_.,!-._'.-, g

E -—-I—-—

1 _I. B .' | - - -:- H 4 ! - — : el
5T T .M.“"““”"" i U T L A A A A _NoTE 3.: Eum I AmuFIEﬁsu 1 0 O I
T N S S N W O T A 1 e e e e s =110 15 N 0 I 15 Sl BT S ) W A ) e ‘. P fidoils 4 | 1=
_L-_JI._,_ 48' p S W ~--—.------—' T TS O W S S N - 1| _r 2} | ; 0 T O | 1_?"_ q I




o CONTAING

“ffizzﬂéx 't:;éum'?"jf:'o.mpmmo. rimE

O
-_.._.:IMDEFEMﬁﬁﬂT . outl |2
. -&QMPmATﬂgS, e g g ,
L MBRING L IT AN | [+ 1S

. COMPARATOR.

'__ POWER  DISSIPATION | j
 DIFFERENTIAL |INPUT UDLTAGE L RN

‘THE. 33‘1

_lour2 [LF

FOuR

Eﬂﬂmmmm.. _
APPROACH TO .

-ml 4
CIRCOITS.] 1T | +lMl [: |£ i
OPERATES | el
_FRom| A | | -in2 [eF ;
SINGLE | P-::LAE.JTY
POWER SuUPALY. .

+inz (71

N\AX\MUM RATINGS

SUPPLY. | VOLTAGE. . +3E-"J nﬂ.iiﬂv

500 wmW |

INPUT | VOLTAGE L3V TO + 36y

OUTPUT. SHORT. ciRcurT (NoTE 1) CONTINUOULS. |

OPERATING TEMPERATURE 0%¢ T 10° u:,

NOTE 1! OK 10 SHORT OUTPUT TO GROUND. |

DO NOT  SHORT, OUTPUT TD +V . SINCE  CHIP.
_ WILL | OVERHREAT.

CHARACTERISTICS | (note 2)

X2 0220 mV

2,000 TO 30,000
} ia'TD :?-. -I‘“A

o TO 1 m A

INPUT  OFFSET VOLTAGE
VOLTAGE  GAIN

SUPPLY CURRENT . |
OUTPUT SINK EURE.EHT

| NOTE 2.: VALUES SHOWN ARE MINIMUM TO
TYPICAL. O T 1
B d{e]

38&9 ﬁ\U"DlD AM PU FIER

_CHARACTERISTICS

SLPPLY  VOLTAGE RANGE
STANDBY CURREMNT
QUTPUT. POWER

. B0 o N - Y N
250 [TD 325 vaW | |

| |

 lelimelel ol ose | [ 100 ] O 10 O

__ALDIO _AMPUFIER | *@Aan|l | 8] GAIN
IMITHL SALNL_OE | ] & ] 1 £
20. OPERATES | | —IM )
FROM _SINGLE Ll e L4
POLARITY SUPPLY. + N
ICONMNECT QO MF | L 1| o =
CAPACITOR BETWEEN GND ||
PINS 1L AND 8 FOR . | bid
BAIN OF 200. L
MAXiMUM RAT!NGS |
_EuFPL# UGL‘THGE . +18 N .
__ |POWER DISsSIPATION e MW | i
| DIAPUT  (VOLTASE | | | T I 1Y, e A I
OPERATING TEMPERATURE 0°¢ 10 10°C | |

VOLTAGE  GAIN, 20 ¥Q oo | | |
_EHMDNHBTH 1 | 200 KHz L3
TOTAL HARMDNIC ms‘rﬂ-RTmm Di2 1% | |4
..vauT RESISTANCE Sm{:ﬂ. _
TYPICAL APPLICATlON +
r_f.mu 1D |
o 5 0 A | 220.F
, _ A*A tis _ a0
LN A= o -V B
FEEH SO 1O e O o 2 | _- SPKR. +
VDLUME. | ; . ]
CONTROL ; 15 I
11 s



o PR —

e R
== e _._..-..-:
| |
|

+- 4——;——

*’ELSLC“INVERT\NEL mPuFiER _

| | | | }
P TR — |. 4 e et o .|.._.-_..I . i E 13 =f——t-- . 1
{ | | | | 1
4

lH FUT' IS
. i INVERTED
MA_._. _AT IDUTHJT.

g

: I |"r¢3f ni:l.sv

GAINS ~(a?.fm‘)
23 =(r1R2)/(R1+ R2) L]

s N S T v N E N—-—
I | | { | -

|| EXAMPLE: IF R1 = 1000 ';.:;';mﬁ““ma N
L R2=10,000 OHMS
- *(J.tb om::,/laan') aﬁ =30,

__THIS IS _ONE. OF THE MOST CGMMGN QF-AHP
__CIRQUITS. FOR A MNON-INUERTED OuTPUT |
_USE. THE AMPLIFIER  ON THE FACING PAGE. |

— AR - RSP o ' 2 [ 3 § ' | H - S

U ONITY=GAIN L\_NVERTER HNEN

_THIS

BOETEN
1ix

EENEERTISSNRNE ¥
1 . II'i"lllu.l HU!U""- L i i 4
I Y N I

uEE HE R |

CBUEFER OR | |
TD_ CONVERT
:-UﬂUT IT"D ; +.Ugu1" >

L ET T lak

Vaur

Uﬂ-UT

‘u'm

5 2 8 i :-.

RN T AT ANNSENEN

_\N=%k2toisV | | |

—J——_ _'__

A o | S Y § S

feted
j. j_ MON“INUE R'rmt;

P SR |

|12 | lghimls l*@({Rz./..F;,l;l BRSS!

3 3 I I o |
(S50 Pl L | TR VR T N R T e L L L | __.'__'l . :.-g,. ,_,..___;__L_'_._‘. L.

ﬁ_.E‘X&MFLE. . IE Ri -J.ﬂcanu CAumE LAl | T IT
R2. = 10, 000 OHMS, THEN GAIN jSL__._..__!._.‘__._;
B s (lﬂ,nﬂaﬂ ji nna) t::n., 114 L 4 {e8E 25 18 B2

.' DAl SRS LA

sl Ak HMELIFIEE Bur| |
d}F Ulu. ~dodo b

I
.

THRT UnuT

NotE.
L NOT | INVERTED MVERIIQN ]

| R S I T S, T S [ Y. S S " 3 - "= - e -4 =
1 | 1 L] | : |

R

L5 T S -

_-_-__UN\T‘{ GMN FOLLDWE& |

B T S A e i I .:- e | l ' ]
0 S 1 010 LV, T ,;+.b' ;__-: .:_ o uae e I O
T IN=%22 o &4y | | | T L - BUFFER srtauqu_
ISR s Rl 10 ) = ' L F'P.qM.__ftMGIHER
E-tﬂ.ﬂmTl Lol
[0 N Y e _.-_I_ o

-

.;__._ == §

PR TS




i e S| | B! R L [ i
L ) D 1-_?-_-1'_.-5.- 1 !-IL _
¥ : | | I 1 |

ANSINPE fm&r mpu FIER |1

- J.__I_._l . | I
1T : o e B 0
4=t : o - - ! | ) - | fi | '

—_— _— —_ - : e T T  P— ¥ M-

1
e L R S 225
1 1
| | |
| |
- - — . e e e
1 1| |
{ I
|
- 7 TR
i N . - . - |
|
i P
| . T < A -
' |
] 1 ¥
= | H =t Fr== ] ¥
i I
i t |
A SR ——
] i | 1
5 ¥
-
|
—— e m
£ S B
= |

i T | i 0 A, B !

‘Jm c . .3' L - NN B ' RalEAE
’ L 0 Vaur | | | LM ED ST eI 50 S e N L
e i 7 1 Tl I T ] e T i A
. | & = i T I | I,‘q 4— . l..-.:.._b._ﬁ___;__l ! W )
s &Ll Ceoan) | f NN

= ki £ L 01 o ol ) 0 U

Il L T RlAdr Tl o B4 i 1 T | GFJHT'EUM"{M T
- Nour = [u.,.. [aunﬂT/Eﬁ L IRl [T 1] ARENETIENNTEES | 'r:-:-mu-- T 7ID e
— =2 S BN 81 B HE _1 L "4 R i ' Bl _' _____;_
L Tour, = Veus / (R1 +F’-7-1 | EXAMPLE : IF R 1,000 pﬂms THEN mh =L

S— |
e -E- --1 DDG & " 2 - I _!....._. e b | | | .I. .. H .l. - }. .:. T S E s
| x hr ] | (1]

~Tewt VSR — HENESSSR Al .
: - S Ha L S S B e (G e -__J_ 11&15 ::Ltﬂ.cuur'ls &-_ﬁ.uﬂmr:m-y&-‘rﬁ&ﬁ SR

T e R et e L] lcoNuegtgric] HERF.‘& Mow. \T.T _H.B-*!-.SF_-,-_ |
L _mas .r.:mmrr.-_.;la.; A VOLTAGE~TO-CURRENT . . . | | | Mg CURRENT GEMERATED BY | iﬁiﬁiﬂ. CELL | |
- CONVERTER. HERE'S, HOW T PERMITS AN |} | | [\\r pnp ﬂuTE‘uT Uﬁf.-T.hE_ﬁ.n N R S
TNV ol anTM;E. -m CONTROL  THE ERJGHTHEHI O 0 D B L5 f _______!__h'_'_';'_j___"":_‘—;"'i g
r DF 'ﬁM I"E'Dl N TR s e SRR S i ! bt S . _— L .,.: B s _. |___ :+qy_.l_ l_ I -lr . jl,_-.l_-..,. l 1. ! L
S ! T o | |
T e S | i ';"sTimm |
1 | _-- ;!.'CELL;? !
L Rs covmeeus | R W N R B O PO Pt
1 | I_Ulul UAR\{ o I_ 1 .i,l__+ 4 L _-I -:F- _4.-__1_ I JL EAIH T l :_T_F-jl_r ' H
8l o 1] ERSEERRED : AN T';’"i"."ﬁ' *‘_'_.Tm‘r_.__i_'HL"__.-.{.--L.-i_lr._.--'..:
'ﬁfﬁfaﬁ? T ::mcutT AR m.a_mdﬂ_me SIGNAL | B
Tietctriae<E | ] ..-_.;.ﬁFRc:M NON - CURRM_..GEMf_RATQRE LIKE | .
il el Lﬁ‘f e - [THERM\STORS . AND. Pﬂn-rma.s.ss“mkﬁ._qgm}mcu L4
- QFLTRELLED | L L __.._-_Lm.ra ISIDE. | OF . DEVICE  TO. +9yv ﬁwn Tq:la A=

OTHER - TO. Pus; 2.__T_ﬂanunb PIN. EJ. S
I | X I

1, (VOO A R ) W (0 T 0T T - ) A M o 0 9] "TT‘ T oy —!—‘-'; * T--f* | Jlr i ~] LS i

I
I |
tr e a3 Bos Ea-—a L R | —| — = " o ! ' = e = 1 - . I _| :
; - i .._..-.! v " " - 11 .- - | .I|.....- = 4 — | "l — 1 I £ _I. I ..-_.|;

* ' - .. . —
| {

e — e = = e — e = T g




i

|
|
|

!_
I
-4— |

-
I

—t
{
I
|

- per— g

i
(T S
| 1
| -
| |

|
f—:
1
1 1
I |
L]
b
+
i
|
|
i
e

- THIS. PoinT =7
H—t S Y2 V.
-

N +5 fi_ﬁsv 'l (LT 1T ]

| Ryl |
47K

THIS 1S AN INVERTING ﬁMPLIFlE.R-.-?.hEs‘.I:;MED;_...3_.E
TO OPERATE FROM| A SINGLE=POLARITY | | | |
SUPPLY,, | WITH THE VALUES FOR R1 AND.

RZ | GIVEN ABOVE , THE GAIN (1S 100,
CAPACITORS (1 aun C2 MUST BE USED.

] E‘.'i'.
L
.+
I + u !
! 1N
‘E

1 1 & S — — . —— : = 4 --!- .l- | S | - 3 1

't ume"mmFIER |

L
]
1
|

|

= b=

| I ]
1
— N— | t

= S

4 e L S W L ==
. l
a1 ]'
] & I
e Y -
1 | I
e =
4 da
!

ITS. GAIN. THE 3286 .

_THE 741 1S A PREAMPLIFIER. |

R2 CONTROLS |
1S A POWER JxMEuFIE.E.
' R2  CONTROLS THE VOLUME OF THE | EPEAREE..Q |
LOK|TO. USE FIXED 100k RESISTOR FOR R2Z.,.

]
B R EE

[ —

T_I
N .
|.
|
.J_

-4
F

_THEREFORE THIS CIRCUIT  wiLL AMPLIFY. A
FLUCTUATING AC SIGNAL BUT. MNOT! A DC
S\GaNAL. A . T . | |l

J
e L

1&. .__.1_.::45.

fom =g el
1

C1 SHouLb BE  APPROXIMATELY. 1/(1:‘:7 £ ou RL)..L. [

L (Flew 1S. THE Low FREQUENCY CUTOFF OR 200 Mz
FOR| THE CIRCUIT ABOVE.) | C2 SHouLb | EE |
APPROX|MATELY 1/ (2T Frow RL). ORI

THE LOAD REEISTAHEE-) i 8 51 Y

_THE. DUTPUT FROM A hu..mL-suPPL*r OP-AMP |
LAN  FLUCTUATE  ABoVE AND RELOW GROUND | |
(t::- vnm-s) HERE THE DIVIDER FORMED RY ]. .
R2 AND R4 | SETS Nour AT 1/2 +V. | THE |
OUTPUT  THEN FLUCTUATES ABOVE ﬂmn
EELow 1{7. +V | LIKE THis.

- u‘ L B T e I8 T

;mm mum. ]

(REDUCE RES\STANCE OF R2Z |F CIRCUIT. OSCILLATES |
‘OR_GIVES DISTORTED OUTPUT.) IMPORTANT } BYPASS | |
THE PowER SUPPLY CONNECTIONS u.u'rH Di,,uF :..:
CAPALITORS. Lyt ) | . -

?.Aumio' | M.IXERI

10K 1:‘.}}'-1

fu..;.io_mﬁ___.__,ﬁm |
HEERENTE
AN Z.D..—-L"N'\f\
L [ 1ok
AN 3 g AAA

_.mﬁc.ﬁump n.;es. f _

WITH THE| |
AMPLIFIER | |
.;Agu:u.e_;.;._ Loy
: DuTPUT
 DSEwWiTh | | |
MULTIPLE.

27




(1% W O

TV _oF
)

: |.I.__I

_ .”. |.“-.. l_- } _— .
= T ] ro—t _ 1
= 15 i i i — -

.“ T =y _ S .E.mm.nl- ||m.|.l|- - o
. do i - e ST - .. o A S PSS BN L
iEmEamL e T
b 1% B N . ! _M,ﬂ.mm.ﬁ .
g { } E | |m - .E ﬁ‘.w| — —

THE ' C
_POLARY

il 4
| .-..|
=i

THE |MPUT  VOLTE

EXCEED *V, |

TME DIFFERE

14'2 ."..U_].u.i.l .y If

8 E.EUE..EEL:E:;. THE

.2 ¥ 5100
ok. | | 16

= = |
' i

; .\!1
SHOULD  NoT

1
e
Rz |
ook

|

|
I
]I......_.

__THE bUTPUT| 0F.

L 118

)

-~ BE
Nin

| |
el
|
|
| |
|
—

t

Rl 11!
it 0 )
H_;__-,
MoRe | ||
CER N
RUES

B

¢

TO! ADD !
i =

1
V
A
E‘ij'
o
BE

HE.
THE |
oLT OR TWO. O
| RES
0F N

_(use 1ok | R

(NPUT.) | T
RITY

P

1N

_ Lmqt_ |PRE

—n s

4_
L
is
GE

&
| VoLTA
o

-
I |
i

R.T

WIT

1STDR

E CIR

]

| o 0

|

-l— ——
-

|
REEE

z

{ E_ [ =1
NP

Ss AN

CHL
1

T 0Ff 1

|
e j5=4
| M- LIy S SR

0T oF
UM OF
THE

.

IM_OF T

|
.

LE1 ]
™1 |

A s T

T ed T
o il | |

14
|

£ OLTP

THE
I8 e
I | | B LE
NP
_BA
THE

IL._,...:
BT

.-E—.— -
bk
|
ju
I
E
i A
1
=1

|

|
—

I

1.
|
2

.

—1
|




| | | | | i | | | | | | | | 1 | | | { |
ML T (UL S (N DRNR S P | 4 il | s et IR BESEY J e D PR et L ! = drid | { | | | { | | | | | |
¥ 1 I

| { | | 1 | | ! 1 1
& T .I F - | -: 3 1. = .' H .|_ .:. | 3+ - | M. | I

E L 08 9 2K
EEUNMEBBEAREINABBUNREREEANER | T :
- buLesupry InreceaToR 2| Bo-supecy- bFFERENTINTOR
e NAR- R BN BENmmEr AT R S aa RN~

——— | . s . J — '
et AN }{ l 0 L4 4,7K
- e ol 3

| : |_ .' { p -f - { ; ' . R ¢ '\ s 4 w H— P = *--I;-H—-L rl :.
L+ | TRE ouTPuT 08 | L | H_TTHL L L] 1 IRASLOARY | ¢ | T THE ﬂufiﬂﬁf Agl | | i B o 2 t—1 bbb
(PR A dRAtR e MA T T olel dieea akar(ados | 2[Rl ]
| \S PROPORTIONAL. Pl Ll helsty/gRed 1L LT T i prhsoRHOMAL

|, . | OF INPUT TIMES Resl/gcit [ ] | ] g%’i F:i?:;ﬁn £ - R /eer |
(L | | DuRATION oF | | 2 N s L "_i'tﬁﬁ'}“d _

{ | INPUT. USE TO 7§ ||
Veteymitdy | LT T LTI LT HACERopy | | |

&-atllin

ei=l1/eRa | |

E=lyegrn [ 1]
FREQUEHCf i

Hi’

| MAKE TRIANGLE 3
| | WAVES, FOR.

‘:W Fz‘ﬁé o i F‘*“-D Uﬁ-”ﬂ- PHOMN | . [FOR VALUES SHOWN AND £s2,000 Hz,t2.s-uotr | |
L FILTERL, ETC. 1> B3 V. AN 2,000Hz ,%2.55 | | | | rpIAMGLE WAVE , THE OUTPUT |Is .A:i: m..-yn;_:r.-__:._;
o e HOK L NOLY EHUARE WHUE. S S A SQUARE WAVE. 3 | '
Ra=PLigg i 1 Lo 3 4 ) el ooupeunt S0 | | Ll T
RILRZ: | + . %4 3-yolT TRIANGLE,

T TS e mite

_ | TME. DIFEESENTIATOR hwirl TRAMSFORML A EﬂuARE' |
Iwibte] inbrb | dudsessl [ 1 VL P PP T

LI SINGEE=SUPPLY. | INIEGRATORE [T 1T | T T 154 dob hid dvaEiav 1 1 L]
| - - IS EE TR GG KAl R £l g ] Nz tasu "mTr-t?u

(del 1 Tl 1T 1 dy BELEP RS gy | : 5
B 7 R G 1 At ot 't S[NGLE ‘SUPPLY DiFFERENTlAT R B

B2 | im 2 "p_;z_"""";";f'l'l
K | EEE C e | ¢l ] U Y L Lo L L L4

B f e AN T lede e | T T O_T,MF L4900 JOL.LE | ol 14nKg ] 1L L L S
T | |3 sl dp. T shownlAnD | | | | ¥ E M _"-5'"'“:{_ k(]
- il 14X 5 £4 200 Haly | | | | 1] 7 7 T

£5.E baas T H T+ SRR T
HE, OUTPPTI AS | | | |
Atf1.2-voLr | | |
TRIANGLE WAVE,

il

FOR | VALUES |
SHOWN AND 1
F: ?_ 066 Hz, :
| THE DUTPUT L3
!
1

 dog (2 [T ] 12~

V=+S TO +15V S g

2ol 11 1 [Tipg [ 1] 1

BN



S

B g A I R R SRS SR W 'f I8 S U 2 S R
| | | 1 | | ] . | : | i |

‘! - _:_.! ._T.-. : | - I I I & I. ; ::‘_-i-__ | =K I; _.E_ — . 1I & ~ :-—-1- FII-- I !

{ ! |

|

- apm e = - :r' L. . § ] I Mz | : | | || g 3 .I
s s *_{_THWEE ',NG. 1__(:[:[;?;5 3 AR e aan
S I G . | T 1 ISRV O (U 1 [ .. | 1.1 ' I ! B0 L

I i MR | S S SO NS — T S A B et i e S —l-—-|—L— —
O o o o i O, 08l 5 0 il i,i---L.__J_R'ﬂ BERE 'T' I_|__'-.J=15_1':E _rl$_"hf et
L ivedg roiRisNaers L L L L P T | 4K| _#__l b1 ',__W. 5 O B 0 5
ol AT ) G ST T T 2 U | INPUT . . V. [ ED mn{_ﬁa-agr-.!_;..
e M . 5 O 5 o 0 0 O o O DO ER LDIODES.
Lkt b do b Wl REEAL B LY il r,:___- LRz L L1 ITHEIR I RRER D#utbh.,
L L mast epeaMe dsL L T ide b Tk [ LT 1] AGE IS WHAT |
: N SO A ' S PL UﬂLTAEE o i :_ v .l N QETEEH._\.L*EE Jdl._.:. —
oLy L doing L] IEaIaWER] AT | | __ladoio. Ammmg " N i B L 11r;.=.,-mprmﬁJr St
BEARAVATTITEE 1A TAFIISERE NPl IR Lf_\r.ELl. HH
R - T ;S8 . FﬁrﬂM TﬂEMM =1 ir :_;"_ lﬂlHE_MU.EE -—TTﬂ ', TR l nE W
i —— o o jﬂ.ﬂﬁﬂ&-wﬁuﬁs. 1z =
ot N 5 AT 1 Y R B 1Y O . | _ﬂ*.tTEHI :_%‘-.l...e—
o e R uwn-gz/n; B R, all i 1 0 i N
_ 0 I T N 0 A .. ‘L_1 n:mhm ._wxauaﬁaamsz- 1{

I . kit
o H -+ I .I_ P I . .
| | |
o - el
|

.|. .._q_.l.. v

: e _:_ 1 : . i = ] | ] [0 B LR L Sl el LT - : Ll 7| ....I | ) i “."__i__h__.__ Lk 3 __L —"—'.:-‘ i ::_ | _j: ! I l___:_ ";'""'._'_'
:__.._ 1_ — I =t =, (R | ek Ak | 'FHI IIE.‘S_ 5WH 'Gku _‘(im) Lot Q'IJTL . 0\ .

S S S o U o e e ot i S o s 1_-,_ - :._lﬁhlﬂl_ﬂ#‘DFiEUﬂLTii ___J ! '+_, i

S S TN T ) U % L S S B N R 3 U % B RS PP S O i R e maE __.T___ 00 I O I
. THIS  cIe¢ulT FoLLowsS AN INCOMING. VOLTAGE, . | || | | 4 £

| . SIGNAL AND  STORES THE MAXIMUM VOLTAGE, || [ ] _]}BQN.. ]NV_’ERT[N CJ_[ PPER 5 O
Ll logl | press! 51 M. DASCRARGE.ICL ANG | | T | i ] R A

— {RESET . CIRCUIT, . CONMECT . A VOLTMETER. . .. 1 O ?___..._-_4.:+_y'__' ;. [ vizsitpdasy | T

__|FROM_ _OUTPUT __TO GROUND TO MEASURE THE || T NEEEESN

. PEAR VOLTAGE STORED IN C1. THE CIR.{':UITl_. | el 4 mﬂ” B B [

b= 1, TFch:tmus MARE! THYS R ¢ 1 1 0 1 10 ) O f il B '

-..i.__l |. ..|. i __:__J_l —d
- { |

3 .I__r.____l. r .-1 --I_-- . I[—-..—.‘.l__.

! gurlur. |l } o4t 11
3- 4_1__ b __1_|_'. At T l_|, ahisil
R ‘LTﬂmllL:. WB!&JEEFQE%«?,_- -

I
_!. F_ + s l——!— -'Il'!—r

| *-]-—':: T | —
(WENEEERE
| L e T S e e T : R i . J. i | b/ _ ._;:....--.'—--i-—:-_ll._-
L NOTE HOW THE  OUTPUT FoLLowS THE PRECEEDRING. ol A -
I

| HIGH (PEAK) INPUT. ALSO MNOTE THAT THE CHARGE __'j I !r:..L= b2=5v 1%

oM el lwtil (GeAbuAany ] LEAk TAwAY. teg ia L L VT T ] |
__THE TEST CIRCQUIT | BELL 10 MILLWOLTS /SECOND.. | | || [ | ; =4 _1_
el 5 I. s | 3 ' X 3 | X ' - g : 1! R e T e e e T == S 1. | ] ' 1 j-.----

|




i = b1 (LT | R I e, RS M SO S SO WSS S S —.,-—,—

1 1 1 1 | 1 1 | ¥ B 1 | 1
I 1 | 1 f i ] | 1 1 ] ! i L | 1 || | i . i
X " — - & | - -— [ — 8 —eif—— & i ——— . - k i .q——r..._. et EIE T ]-. s - = = -
| § 1 |
| | | I | | | | | |
_l . .i.. - v = 8= -_.I.- b = T
{
-

T Bl STAE’:LE ._RS'" ?LLP-F L@P M GNG_STAEEE M'" ULTIVIE;EEATGR | T
B e T T I g B O O 1 S R M A ﬁ |

P I PSE + L 2 1 1 L o
RED /GREEN. | . IRY .2 .
BACOLOR LED | | 1K < |
FOR LEDS. .| | . S

| | riideed S RY L L1 L4l e | 18] qugegr! |
L1 lpmres 2kl L b .,apL-igFg".'“.._%-Eua_,sg._;.-ﬁ

mk Caisial 03§

i.ﬁ'l 5 -
11‘-!1112. = ' 2.1t 8

0 7 T e 0 O T O 1, U £ O R i, 1 O B | S5 TS O K 19
22222 | )0 L 0 b L L Rl AL NBGATWE: TRIGGER [POLSE! CALVSES (THEL OP<AME | .
bbb oDYPUTI 40 SMNNG | BROM ILAW| T0 | HIGH! FOR h_J__
bbbt bbbl inME ! APPROXIMATELY . BRUAL I TO R2 . xC2. LSel | |
 bLANb Dz ARe |t yepd L wep2 ]l [ TO DWIDE. AN INCOMING. SIGNAL ANOL TO | | |
losTiotay |shabunet | by Yl 1 L L NI T T TINITTET Teonueele | Adl ideesuriag Likidut lpdrse eo 1Al | ]
zauan, owbpEs L | | | K el Ll L L L LUNIFORM. [0OTPUT. PULSE,  TYPICALL RESULTS & b :__4

| | séel BElLow..

il S et A 1Y e
At A O | ol bl ITRIGAER | |
L |1 _T_ SO O O o 2 T

=

| THIS  ClRCUIT DEMONSTRATES | How AN ANALOG . | | ' v=:Qqy
| _CWIP _ CAN  PERFORM. A DISITAL Lodlc| FumCTWOMN. . L L L o o o o [ |
. (THE COMPARATDR IS ANOTHER. EK&MPLE..’] = ; Ll AWIDE-~By=+1. |
. _HERE s THE TRUTH TARLE: 00 0 N N0 O S -, - .. = = i
. o TR | —_ 4 f.'.'l‘-"-_-ml,ul: .
M Y A O R O O O OO < £ - 0 ST M [ 1) P
L L L ANPUT LED | jumdesel aoypurs ! | L L L L1 . +3.5 M 2 iuces | ~t>
I Ll Pl ] b mAve IMemaey | | | | 1 L1 | lowgesey-2 1o f | 8 L i1 L1}
b ey | oM [ aeg |<——iadn Hodnimaeiel | | | L L1 | L purppel || JOL perop=g-d-323-4-2-f-4
GRoD|l -V |oFE | ON | STATE EBVvEN WHEN | | | | | C7=.0luE -2.85 | = 2L _
 +\/. |.GNDIOFF | ON | | | IS INPUT FLOATS.. | . F.‘;‘. 6 The 1 45 T 10 T AL N A O (0 1 O A, O O A P [ O O I
Ind grapl oM Mo b bt Lo L b4 dod b R | 18
B 0100 A 1) T TN S I B USE!. D1 AN D2i1d [ | | | L NnTE. USE_THME 5SS ROR_MORE | uERSﬁTILLT‘]’ -e
R A O S G O (O R G 910 & o211 ¥, R 17 A S VS0 50 00 S 1t D S ) st 18 6 " A A A S O T J s S VS M R O .

e Anfsge !l | |
A S 1S =

o - |




= TSR TR TSN

4 _I,_ 4. T e ST

poRIEE
| S B |

I T S E—

155 .. !
i { - ' = a
| | |

! BASFC _CDWIPRI@?T&R _*_: ‘BP\S‘C“*COMPARATOR CCOK 4.)

| P P - - S : -

=1 .’
—3 =5
|

EN CQMPHRNIGR s au.ﬁ:ﬁams Sageobir] LI L 41 :'r‘i v '.Mnu-:i.mu_f.n;'rirh;é? 1]

.L _THH,T MOMITORS | TwWO .._.I.hlE'UI' uaLTjL&Es L] A0 A L Al Ll COMPARATOR |

1| ONE NOLTAGE . IS CALLED THE FE.E,FE.REME.E I == = | ' : |

T_-.umms-ﬁ. (Veer)) AND! THE OTHER. IS. r:m.t_en | Bl ) | L

. _THE| |[NPUT| (VOLTAGE. (Um) L\WHER | Wy | | b Lt
- NSES _____ ABOVE OR  FALLS | BELOW . Uﬂs; ETHENL SN

| OUTPUT | OF THE COMPARATOR | CHANGES | | | I 5 5.1 S | ]

L | ISTATES, | SOME CIRCUITS. (LJHE__-THE ssq) | LRl | 1Dk L

_ARE. DEEJ:.-'-MEE_.- SLPEG'IFLCALL‘I = + :

A CmME&EATGRE. DUE_! ITS UE.E‘:" _HJEH -'

F_DEEM:L::QP {am.u AN r.'JE'-ﬁLMF JWITHOUT A _ | —1
FEEDEAEH REEISTDE AL Fuuch;u - O S
A ﬂﬂMFARhTEL 5 S T N EAE . Gl TS 0 VL T S SR L

| . BUKD. THIS SIMPLE CIRCUIT. 6N A PLASTIC |

":___i____;-_'_:__i. Tl P P T FT T ET T T L] Ieeeadecabs [vo! deash] BAsted [del miel | [ [ [T
B L L Ll L Nedick M bl : | | [COMPARATOR. R1L AND |RZ FuneTion  As | [ |

| VOLTAGE.  DIVIDERS L THAT. SUPPLY A | RANMGE | | |
_OF | VOLTAGES. TO | BotH N4L| INPUTS. | Qi | | | .
 SWIATCHES | CURRENT | TO THE LED WHEN | | | |
THE DOUTPUT ' OF THE 141 | GoES HIGH. THE| | | |
CIRCUIT. waﬂus LIKE THIS & 0L O 0

L NON=IANVERTING| | |
 COMPARATOR, . |

L REENNENERE EREEE NN ASSUME _R2 1S SET TO |TS. CF_HTER Ppmmﬂ |
180 S 'LUHEM U EXCEEPS Viees, lOUTPuT | | | | | T0 GIVE Veer = 4.5 vorTs (9 b‘/i 4.8 V‘) .
3 EROM | Low! 1o [HieR.. . | | \R1 THEN  CONTROLS vm L ) ) 8

; | _SWITCHMES .

I e e T e (0 9T 9 L == LED nBF e ~LED nHT?-. $ e L

2 g0 o b Lob |l oope 8ot ‘QL e 1 | | |
L 41§ Ngep | .4__.;....._*. AERE O e | 'l‘tf 1 e . e B T S o AR M 1—
i L - k- unu]; | . . ! ?3] 5 -5 N S s 8 B S W s R -] A
. | LV :'-'-"- - g 1 Y I 1T 0 o e N0 TR ) $ a i _ e | e Ut.gp=;’."|.5!§£_.i._.-, ¥
3 57 5 W Ll WvERTING Lo | ] ISes)-1 | Uuur=.1-fw1. 100 5 S R A N S e 0

| . 5 {4~ , ,m.m_ﬂakmd.m . XN 00N (1 S R O S s 65 N U0 8 0 1) 1 S I 4 T o ) O O
I ) A R O ¥ 3 | R ) SEER Ml . | | | ] | L J i
N ‘u‘m Excﬁﬁni Mn;-:r., LouUTPUT o i S SN X R W SR el |

J

| -I——u.sl
=+ EES] SRR | —r

}21:‘ _L S __ |

Ll ._,_1_1__. Fu L ¥
] |

e 1 = 8 = H

EHE& ~FROM__HIGA 1O J.nw_.j el

N (uoLtsy |

gblgl gl ] ]

_F-

T
..
e

_".



=a

i

_#Y=5To 15!V 0k TO. WSE 741,

Idade ]
(RIGH)

1 _Nggel o

(Low)

L. THIS 1S AMoNG | THRE MDST  VERSATILE OF
| COMPARATOR CiReuITS. ASSUME Vege (HISH)
IS 8.5 votTs  AND Vesr (tow) S| 2.5 WVOLTS, |
CARCUIT . THEN . OPERATES. LIKE THI1s:

§ 1 ¥ me)}
R

QURE, (wiew) ||
pd] . s 3 . PWIMDDW——-}-. JHI=5Y) i
LD _ ;

1 i | | | i |

our

::::_ T W R 1 ! . i L s b 5

U {voLTs).

| | _ONE OR BoTH REFERENCE VOLTAGES = CAN  BE.
| SUPPLIED BY A VOLTAGE DI\WVIDER :
Y | v o 2R 04
: e VRERL | Vege
DYV E WYV SRR IEE e ]
R1 g2 L | 1| log .
| Veee = +V ( R2 - | Vebel ynRiES = |
| L ANRI+RE i /1 e/ S
2R

;_”1 i

e S e e e e o T T Gt S e e et 8
| T3 EX ] ul i

— — —— e r——

fmbow COMPARATDR (cm\m

Ri R2= ﬁzr-'imx

———

] R4

BUILD THIS CilrecuiT ON A BREADBCARD TO
ILEARN  BASICS OF THE WiNDow. EﬂMFﬂﬂF\TﬂR.__— L_*
USE VOLTMETER TOD SET Veer HIGH (R1) AND
Npss Low (R3). (cumchT PROBES ACRO$S PIN 2.
OF 1458 AND GROUND ; ADJUST R1. REPEAT. | ! |

FDR PIN S | AnD Gﬂnuub ADIUST RS) AI:JUST |}
Ri. TO: VARY | Vias. k. ! |

| Mgty | I

SR H 1 M=
| A
I

IVl bt el AEduE | Vs in;.:..-ﬂi: | 'Lej.a'l; aE R
Mg WITHIN  WinDow 2| | | | (ED 2 ON | |
.U.m AT OR BELow Vpes LOW | LED 20N !
WHEN U“.,, 15 EEan 0.6 ua.*_"r, EMH LED?- L
CAND L LED 3 SWITCHR ON, 22 S |



Z-STEP SEQUENCER_ |

_'____Paﬁsﬁ 51

TD RESET. |

_‘l“.'?‘sf

1

U'SE TD ST&RT AH

AUTO MATIC. 3-STEP. se:ﬁﬁi‘-_mr—.

ﬂK

o

¥ ok T bRie
EXTERNAL CIRCWIT.

.'_ir

RY

bELAY T

2

3]

Rl
1K

| b2
» 1N914

10K

LO0OK
AM

EE

b
Si

-
14

1774

DuTFuT J.. 0

Léné

ToELAY 1N SECONDS.

i

T T s

R
S . .
i =

‘..i;

THIS IS A wml.‘:-nw caHEARAT.:‘.:-R THAT L
. SUPPLIES | A Z2-STEP SEQUENCE 0OF DLITF‘U‘I'
SIGNALS. PRESSING  S1 DISCHARGES C1 ﬂub
LGHTS LED 1 (And LED 2 ﬂmEFw).. Q1 THEN
CHARGES THROUGH R4, AS (CHARGE ON c1!
PASSES 3 AND & VOLTS, LEDS 2 AND 3  Giow
IN__ SEQUENCE.. REDUCE R2 TO RALAACE.
TIME DELAY SEQULENCE AND REDUCE . DELAY
TIME. | BELA‘YE SHOWAL _wiLL VARY.  WITH.
TOLERANCE  QF (1. bl .3 el |

30

I

,;F-E.ﬁ\iTP\HC-E
__FINGER 1D ﬂEEER‘,UE.LH.
ACRDSS

'@ﬂRGRAPH VOLTM ETE.F(

Z_Ll'iﬁ“'.'; E,Lhw L
RISES.  LEDS ALSO RESPOND TO (CHANGE. [IN| | |
uuﬂurs Lul-ru M

= P

4 _1_ o — peb—p——d 1 ._:,..: i
T l B W wm 3

| - ' = TP - + % N1 *

i I

.
=
|

ga! | |

LEDY 3 | |
EPRNEER

| :".:":E.H-E.li_‘r.tulﬂ'.\i.. 1 O T
L _1OK | !.J5.E.' : o
241 nP—AHFs.. 0 e !

§rs| EE&LJE.MCE AE lh.lFuT VH_TAEE

AT _INPUT, . Tnpgn
{:DHHF.E.T (d 'S | :EuLLL
MAKE LlGHTHE.TER. i

|
- PHEH, ol |l | T | | P Y | ,_____L___;__ | Y

ANPUTS | TDI-.-

ED AR S S

15-[1.

..._.
1
|
|

a- mh i
|

I i

i i + |

- = —drm— 1k
1 |

| § |
R e
1 ¥ 1] I [ |

| | F .

i ¥ 1

T

|
+
I
I

I

t

"

l
]



5 156 0 L_""“I _", TN ERE]
. 92l 4 | ' TSNS T = | | 10 T 1 M B o
%T | UGZTT-M‘.TL _TEILEELMS 1 4 15

| |
Sk I
|

_'L_‘__‘_PI-IDTOT RANSI STOR s H8 ~ _,_ﬂ'_ _Eif{a“g;gg;;gg

R

"i++

ACTI VATED LERTER “; T

.'---. S RO I U SRR S
|

L. = |
~ _-.--.i--i-; '_,__...:- .F__r'ﬂ_\( Héﬁ?_4 EM;T Rﬁimusa

!..!' RSB
IR 1
k¥ 'Fﬂnmrﬂ.aus.m'mn

i ] " o
| '._ lef BF Sl 1]
ey B . !I iI , T8 O bt
;
i
PAVAVAN

R I S o S O 0 ___f,p.p,,mu SHACK | R = | |
220 B R I O ) I T L L L L T elobadamay | T4 T T | | ..EuaZE-.K E.Ml"l'ﬁ TDME. WHEN PH:::-Tnc.ELL 15

! B )| | LA ::_._5. NLLUMINATED. | R2  CONTROLS | SELM'E-ITIU[T_YJ._-._.T___;
oL o | ;_L . | | R4 | KEEPS Qi |OFF LNTIL. THE 791) ourfuT | | | |

_ T T A T F L L T T T T T T T T T B ebes! dned. | Tusd IaS | sum<ACTIVATED. wAJd.EUEL,,,'
' I'LLUMlNﬁTE Q-L Tﬂ ﬁl‘-’lﬂ\fﬂTﬁ EEL.H“T. = __ ;.ELHR.M BND | EIE"EM.J_EEFE.LGE.MWE. Dbﬂﬂ ﬁLﬂ.RML

PHOTDRESISTOR EEynme BARK ACTIVATED ALERTER_.T;.,. e

T
| |
e

I | | i ! | i
il —|---..- s P — | i - e - * u 1 L -
|

L1 dedel 1ofol i +‘i‘v eominaTel cdsle | |1 S LSl 1] s +T" e
- 1PHQTDRE“51‘5T&R TO_ACTUATE RELAM. | | | | f“ﬂm“ﬁﬁﬂﬂﬂ ) i N

| |
Tl
[ |
|

—-i
—

|
| | |
o | 5

|
-

EETAEETESSE RN
10K 2M2222 )

r e oy e s

P R - 1 Rm‘f =
S0 T P P (R‘.Ama SHACK W Al +—1

L Pe AN ol st Ly Lﬁ—nnq) | R o e e e S S |
S EL < R . | ERRIE =3Wis — i
=G U EEUERSE. 244 mPu-rs < A BNEREN T, i e e s ] o g i B o B e
...(Mﬁ'ﬂuﬂ) To. REVERSE oPERATION. L | | 1| = \DEHT!ELL 'TD hEﬂ"ﬂ"E' ﬂ-lRﬂ.UlT E'KQEPT e ot AL )
| | | LI DT = Lupbomsl ey 1941 | REVERSEDL | DK T4 REPLE':‘.E.__..__'_ |
RN SR | PIEZO |RLZ2ER  \WITH RELAY (uo. 228~ m'ar;_ |

¥ I— S S }
e T e o S e W N SN S S |-— - . e L

e .|._ = e i e —




|
— —4 i — 1 + 4 | T N SE—

. —|—l Rl
!l ) Y sl ) S O A

¥ [ 4 ;__i__i__
’f Cd& ____.h_,
.PHDmt:ErrL S

—|-—-l —-n ——1- _—m— ..L_

4_;__;'EIGHT:§EN31 VE FGSCILLﬁLiG'Ré_;;IL - [HIGH- '.’N‘SJ

;:m.::,uﬂ' EIS

L UERY iEﬂﬁiTwE
L T0O MUCH LIGHT
LWLl "spamt THE |
,N:E-.EFJLE. -‘.JF AN
PﬂuP.L.qs ME:TER

- SIS A |

b
3

E

J.

R f-naammw &
Ly ,mc.ﬂ,aajsf.s IHE =
{AS_LIGAT | “ .
Ll leever! AL L

U _

EYYTASEang 3 .;Euu.--.s;hu-ai =
ta METER | | | |
READINGS & | |

*"" &E 1-0-4 ‘e LK _-.e__. _— _;_' '_5 L
.__G.,_'__- _m- 1&# ,___;,__.:_ _.._JI_:. 3 .

L

METER
O-104A |
O-1 w«A
0-.1 MA

| I | | ﬂmmsr‘(
< e - . WL (U, ] R e
1] 5, 1 o G (N B )
| _I,._ gt A FI LI _'_j_,-__.,-..ﬂ.l.._-,_{ L ’g A2 P B +_l ) 1
L T i/\;‘ ﬂd‘El L1
ot ;.w% et
o il = T O . K =l | =< B AT | i o | A B L '_-.' :-_.-. Thmf L
, 1 R B u St DR
| . X - ILLuMJHﬂJ:E. CJ‘;T.L

I | Iy m:R,EAEF_ TONE. i
. |FREQUENCY AND f
.-._464'5 21 1'|::~ REDUCE. !

ﬁ.u.‘maf RS |

*tm. FTy METE’,E.
LPHHEL OR. me)

FhE EﬂLAHEE Bs| | +—4——

| n K THis CIRQUIT is E&iﬁb qu-..L 'n-l.bﬂE us:.-‘.P N
/SOME_ PRECISION, LABORATORY ~QUALITY. LIGHT | | |
METERS , | TD ZERO METER, CONNECT. FHML
_TO _GROUND AND ABIUST GFFSET (RS) WATIL [ 1]
| METER. READS 0. THEM DiSCONNECT (PN 2 | | | | |
. FRoOM | GRounD.! RY IS AN, OPTIONAL CDMTE&L__._ oy
1 | FOR! AL‘IEMMG SEMmTwLW OF mE. c.‘.mcuLT. i Il

- -- t - e ' - ! S I N —

— '_ e —— e —

— = & + % .1-_-




1——-—4—

:' THIS smm.l’.

b R (sl i AR ey
1A 1S 'i"_i" |._. | S S S

| L, 4

R LS | [ I

- I. I J. -E.._| - _-uu‘-n;;- e e -
| e ]

1 | I

+qv

:1r:'

- Ew

U'E.E EAE.
PROTECTION | WHEN |

HEAEuﬂ.jHE Loub

.,_
e

'-1'1'&

n :L-I;-ﬁ HE.TEF. Ml

SopMbis. | o4 1 |
lgn |S |
Ry
e 1M

:;

*Mmmmnua (RADIO SHACK 270- uqz OR smmnﬁ)

mRLuzT
| LEVEL M ETER.

I.'.IREUIT.

lak (2 1 1

1S AN EFFECTIVE Snuun-i |

_R1 CONTROLS .THE GAIN OF |
L | ikl 141 ' opP- AHP HEML‘.‘.E !
| _IOF 'I"HE

THE SENS|TWITY

THE METER . CAN BE A PANEL

....___,MF.TER OR A MULTIMETER SET TO READ CURRENT. |
tms.mmwr WAS TESTED. unm A PiEZo BuZzER|

___THAT EMITTED A £.S KHz TONE AT A . Sousp |

L..Pﬂgssum—; OF 90d4R. WHEN THE BU22ER

S. ET

T’HE METER

AT 12" THE ouTPUT FELL

| 'm ﬂJ—{ AL ,MGRMAL. SPEECH AT 12" GAVE
----FLut-ruA'nms SIENAL . UP_ TO 1{:,4.4‘-\.

e e e e i

o S AR PR TS PR P

e e iy

WAS 2 EROM THE MICROPHONE AMD R1 WAS |
B FOR | MAXIMUM. GAIN,

SGWW“EEVEL MET’ ;

; L SOUNDJ?-‘(CTIVATED FEF_LN{’

= B
ol |
|
= =
|
S B
!
=1 ==t
|
awn
=
|

FMICROPHONE (RADIG SHACK 270-09z OR smlmﬂ)

Ji 1_ ""_i' l T !
i

Z*r‘iuﬁ

. R'ﬁ __;amm:.-s.

SERNSTIVATY.

'-:I."IK

Lm,ur

iM

iH 11‘11

J:"II. i

L]
H WA -
L.

555
Tmﬁ .tH'-'F.
' BS A MONOSTABLE.

FUmnETIONS |

MULT\VIBRATOR. (uME-SHuﬂ

=i

I} |

[ RELAY

10 uF

+T'

L2715 —ocH

1 Sl

THIS CIRCUIT TRIPE RELAY.
Loub  SounD  (Voice, CLAP, ETC.)..
CONTROL TIME EELA‘?‘ '-‘.iTﬁ*fS PULLF_D
SHOWN . GIVE ~12 SECONDS).
-~ |CAPACITOR ACROSS POWER . SUPPLY . PINS OF gnm
_ITHE, 741  AND . S§5<. | REpuCE F.E,sazmuaa OF .
-..F-3. o REDUCE | pradtllty L

IH EE‘SPOMEE "IIL?
RS ﬂH_D,QS_

IN (VALUES |

[MPORTANT i USE | mi,.LF

FENSILTOUITY. | |

| 55"?_'f



HiGH

'.Law'._l___ i

AWHRICH A PIEZO ELEMENT DOUuBLES AS THE

AND THE TOME SOQURCE .
TRIGGER WITH LOsIC. SIGNAL OR BY C@MHEETEHG

PIEZG ELEMENT DRNERS

GAT ED

e ]

__PIE20 ELemEnT | S R2.

HIGH = TONE OFF
bW = TONE ON

THIS CIRCUIT IS AN ASTABLE .MULnu.msihth.ﬁ JNi

. TIMING CAPACITOR

SWITCH FROM INPUT TD GROUND.

VAR\AELE FREQUENCY

V: 3 TD *'1.5 U

+U

R1.

4.1K

Y|

ADTUST RZ TO

ALTER FREQUENCY
OF TONE FRoM |
PIEZO ELEMENT,

o} | ELEMENT |

28

B .-

1 1 1 1 | y i
 SE SRS SN <. TR, | ¥ HEE Ao B Rl S amEe L [ | e 7S 1S 1
] | | ] I 1 | _—
| i

J—-L—*

R mEEE

- " -
1
| 1
" ¢ P E-— C———r e —
1 T {
¥ 4 | =

—}‘.-

+

I

.I._..j
=

i
—— —. i

G|
|
-
'_l-

| . 1
o
|
|
. :

-+ -
AN CL 2.2 uF
| & L AAN

BERVTY

]
1
o R AR 2D

PERC U$‘S1C)I\l SYMTHES l ZEE

RS, |

10K |
| Rl §

1LSK | |-GV

SERIES . OF!

RATE  Com -

R7 FROM PIN L

GROUN.D.

EOR Mﬁn UG [ |
CONTROL REMOVE

AND PLACE -Su.ntcH
FROM R7 1O

- R8
100K

u'DL.u ME# i
CAUTION:
PROTECTY YoUuR
EARS RY
KEEPIMN &
SOUND LEVEL

RS COMTROLS. |

.Am:_ BRUM |
l (SOUNDS . CAN

P2

AM

EH{

1M

TO OPERATE, SET | | |

R1,RZ AND RZ 1D,

s ici.ae;.;.;r:ti"',
 PRobUCES| A |

BE PRODUCED..

PERCUSSION | |
SOUNDS AT A [ |

TROLLED BY | |
Rl Bewg o L ¢ 1

CENTER POSITIONS.

THEN ADIUST Ri ;. I i~

UNTILI 2L R 131 |
CL\CKS PER. EEﬂﬂNH
ARE EMITTED BY
THE SPEAKER,| |
New ADIUST R3

UNTIL SPEAKER | |

EMITS A TONE,

BACK OFF uNTIL. | |

TONE TUST STOPS. .

RZ AMD RY COMTROL

Plrdul. | | | ! |
L2

mrram




R p—

-—

.
—1

hch P -
RahE
NE WAVE:
E.Mao}
441
B
8 .9 |1p

W

il
I

Tl

i

M
!

|

-

hY

|
I

BELon

r

B
|

I T
ULATED

1
5 il
|
!
A 3
=
R O

I
i
I

Ti;n |
DT_'

] e Lo

¥, 2

i e
—

__CA

l—q'

AL
EERE
! |

T WAS A 1

-
- CALCU
Gt IMEASURED.

EFFARpa el

& o L
. i JIM i s [ ] =}
SERR SN
o I[._Itlmmlﬂr—l. .r_. . _ _ -._m.r = e ShEE
2, I|._....-w w.: -...__.n--UI Iﬂu-#I 1 ﬂ R
— ol h..ﬂ...ki:ﬂl & Al " 2 B
. | B WSRO e ) N
| | 4 . SM 122 Tulul | > 3 1 I
s mE R SR ECCRENRANEN
s e T KJ|_I ot} o B gt — e G e———— m I R
3.. ! .e_ﬂ m__mjm- 2R _%Mauﬁ M HE g M_m Ii_ﬁ__ -
: .-..|..| . el = TI. 4 ", L) -.-_.l.._m_. = _ ] - _ | _ |
O R - | S 4 S5 S~ S . Y R | L Ay S S [ S S5t
_ | . . _ | ¥ ol R (P M 7 | _ ‘d ?u
|||rtIMI _.- _ f_n.___- _.F- m .Hu - : m._ﬂ_ _ _.um m MM d) L - =5 nmu_.ﬂ.__mﬂ,..m ﬁ
_. = | ) | | ..h __ | il .. | b [l 1 i | ... .l.m |

1IN o
L
a1 COT

|
'—r-ll -
¢ T T
|
e

1T L IReSPONS

|

| |
:-._|._.|. is il
|

—
I
|
- ——!'——‘——I— =
—4—>- OuT

1.9
=

4
e
LKH:.)_L_

£

g | 9

1 i 4
=25 S Y. L A

CALCULATED £¢

SRS S R N S — —

-~ MEASURED

= .1..— | Bandon 4

e TR S T
|
I‘_
.II_
EEEN TN
ITHIS S| AN EQUAL  COMPONEMT SALLEM -

b ] 1A
Same mae PR
rl--
|
|
=
:
I
[
|

i

RE
WAVE

=
4

-

41
I
|
| i |
] |
P b S
== &
U T | . (e 1

£

g [= = B e

EAEHTIY B

T L S
|
pa
i
! __r_I
| |
e
= Lo ]
oI
|
g |
—
|
|
: 1
T~
|
|
—_—

.00 0.

AT e e S I

R3  SHoulLb Y,
. IBELOW IS RESPONSE OF FWTER WHEN

|
1 ': r -
i
=Wy - .
- -

—(ABpuT 1.8

]
—na
T

LCE.0Lu

J 118

i
|
B

HEN
L Lad] |
dabsl 1
J5aE
(IE:

AHEREE RTINS LA
1 F i
|

EQUENLY (
[
TRNIEES

= R2=!
ogel | ||

WAS A .I!.::.IEQL’E.. SINE
F4,

GAIN = R4/

IEILTER .,

L [aELood Times |

EErTTNe
L O6uTPuT. | |

i
R
I |
OW-=
T
bk a3
mASED
i=R
f 1 (g e
il
L | ooy

¥ |
2 i | |
e e S NN S |
1
e

|
L ]
=

- FR

.r.

.+.
I
i

{ - 1
F S -
| r |
|
SUR R ‘T I——
} 5 '

| |
s e
|

.
R e O | S

EREQUENCY

Ig.l
I
' i

e
e
I
| ]
S 1S 5

!

]

=1z g =




—f' S S

i‘*'"';.eo HZ NQTﬁH F}LTER*‘"‘“""—*?

WIEN ER DGE

a -;:__!TUNABLE BRNDPASS _Fl L“'.'E'R‘i

lM S ' vl

| P E-B - .__..: hd | Ik" ..,' LU0 A0 B o i
1 O A 1 g s [ ek [ | ledy [ [0l bl j
._Lﬁlh.ué 1 220k !

il

- Lﬂlqu.. 1'3':'11

i _ 27k

|
i E— . | SENEE fa— it
| 4 | | 1
| | T ' |
i —— L] % s - — & - " = . & 4 i < - H i " 3
{ | ]
[
| | | |
s - - ' 5 @ | Y Seies i ' . e e i - . o +
1

EERE _.1#1:_

T 0 S Y
kS FT 21k < - }

sEE

fLEESERNE TR o VEES Tot1s vours ||
T TWINETEE [ L LT s T R iiree. can ae| tubdn! Byl 82) ol Bassl |-
. S (7 o e e e i s e e O ot e A NARROW FRE QUENCY BAND BETWEEN |Al FEW |
| L | R=R1=R2=2%XR3 |

—+ | HUNDRED Hz AND AROUT 2000 Hz. USE O |
- DETECT PRESENCE OF A TONE.

| ceCciise2=oR 2] |

i,

N A SIEnAL. | |
ACTUAL RESPONSE TO A 1-VoLT 5wE wAu!E_._ |

o [l T bl | Ri=9309 HRZ.E.ESD.ﬁL |
21T pa L L | i | £ 0alabls] L IEL*d.8 kAR
= HE i auae SEDTY SRS SN N S b ' ! - < 2 15 LTS B 1 e 5 e B O o -
- i e . USE \TRESE FILTERS - R _ .1
oL T r2 __TO BLOCK. POWER  NNRER"IN G 0 S O O O O 9
008 005 LINE HUM. N LlepatdgoQ | | 1 |
£ Vi UG o S e N - T w22 | L ]
I\ N s WIEN BRIDGE | - PEEE - 4
bl g oo | H L e TWIN-TEE . i LR 2L 3 |
_GRAPH |shows | 2 0 OB I |
REsuLTs For. L 8 s -
TEST VERSIONS | 4 = _
OF BoTH FILTERS., ¢ o . 0

IMPUT WAS 1-VoLT |

200

340

PEAK-TO=PEAK S|ME '-;rﬁuE :Gﬁ.ﬁ.t- ) - I . L | DS RIS S R UL O G VSR R | S A :
W it (P O T _EREQUENCY (H2) | | 4 | | Ll FREQUENCY! (Ck#B2) | | | | | 1



[ il Bl I B d RS AR [} =l
.U} ' | .l.__l__-._- QSR RN ; I

1115124 54 41 4 4 0 A & T L_:_ . i
T ..*___-meﬂco'l:a E”ZTFREEFF EEESSEREuN) 18

|
T - N ST W S |

| L aal E

=
|

¥ 1P S O 8

I
it
aflec mag s

_.:.__..._... " IR L 1

| _THAS ARRAY QF p.fmuE, EILTERS | wu.r.. aﬂmvﬁ:&T
_.THE. AUDIO! SIGMAL FROM A | SMALL | RADIO |

[ oR TAPE PLANER  INTC A |FLICKERING| | . | |
] FATTERH QF, GOLORS. [R2  CONTROLS . GAIN |
| loF ITHE LINBUT | AMPLIFIER BELOW.. USE | | £ )
= _RADIO/TAPE PLAYER VOLUME CONTROL . AND
..... | | R TO. | ADTOST 1MTEH5]T'Y aF LEDsL=... |

]
e

S 0 [.¥ ] A A I T
FURI. | o N
TR FROM. = '
__.__L_nurﬂ_ur |
o smse.,

(oR)

= Luwu
__r_.._lM‘PuT L
=" -,- FRQM.;. B.-R- '
B (R ¥ N 55 T 1), " 0 1Y
ot LoPHONME | g L 0 2] .,_-.~.°;v L
bl e ¥ bl Pk TL: Aublo] INPUT |
AR T DRt L meel T relaksikdeMEr | ||
I i R 2 LN (R S. No. ';u-z-.tss::ﬂ-T

. r%
-+

L ¥*usERT. Pﬂma PLUG cmmamﬁﬂ ™ T1 PART | |
WAY 1N PHONE TACK SO SPEAKER | wILL NOT |
EE- EWITI';.H’E-EJ DiF F.- e L S e |

| LEDs VARY IN BRIGHTNESS. EXPERIMENT WiTH |
.._;__.._dmssegam LEDs FOR  REST RESULTS. HERE
1S ACTUAL RESPONSE OF GIRCUIT : |

|

! .?Emm...ﬂrz:.nﬂ | K GREEN

oy

NESS
g.l.
-
.-h
ik
)
L

L LED |
| €5y ||

BRIGHT

.l-t:
T

i---.-m;-__ .

SR = | L] i A '___1 TR SO W
|_ | T bl
b —— e N S i A T e EE

L4 LT ael [0 Tapnl || legod | | doooh | | 21 |pEDUcE [RYM jadity &7 1o 'mcﬁe.p.se RED! Anb Yetrow | |
o TR 90 1 ) Eﬂmutmﬁsﬁ.. INCREASE R31 -rn'mqaf.a:i&_lhaieg A=
EEL&HFHEEE o e B O | 1

—_——— -I- -l—— E I: —— —I- -I-
T i

i : ; | | ! : ! | L '] 4 4 | e ; - ST (S, | il X : : I | fee—=ab il % 1 = _;_.._i_ .!. ._.' Iﬁ[s -_i._.._r__
_. i i i i | i | t H H | ! | Rty : } == B S B | | | ¥-_-_ — i . | H I | i = 4 ] | T _?- ..'_._| "T -..l._..i_._

'TI
F i
m
(22
1
’3
q"""'-l-
|




o ) Y O O | |
ST
+—1 - . -

T SQUAR

|
A L LE s = —— == e

]Ir % e e e — e m——— - .-.-—
.l_ - et

!
T

i =i
I

|
l 4

——

e B 44_‘5_\[LI'D_!- O
_.._,..__Em__;_cj.maurg_u .,_4__, t ;._.._,.1-_.1: = BRGS0
|- 5 FO LR = =,
61
_ c2 L. 4l il A 8 gl el :LH.;__
S o7/ S I N L OB A 1%
L AR R | II

A

!

I
| % PR T O .
= - 5___.__..g______+ |- R*t

I -} " H k
! - H . . e . ‘- R i
| | 1 ¥ | § H
' 1 | 1 1 ] '
| | | !
— . ¥ o " ! 1
: " 1 i i I ] 1 ¥ 1 5
| i A | i i
| 1 1 1
- - R E B I Ty L T : - S i . - N
| | | 1 |
! 1 ! 1 | | |
-y ———— = g a1 ke = ol w e | CRE Py
| 1 i ! | 1 |
| [} i 1 i | 3 i
] | | i B 4
| H i
oo o . ; . L —+ i . :.
| 1 | | |
5 1 .
4 . H e 1 = n RS L] WY T
el | : | | - -
; I’ E ]
- ' = ¥ = am [ . afin i ® e o rms :-
| 1 I 1
i ¥ |
Es . - . o
- B et B e T ;
0=l : K BT S~
| I | | I | | | {
= . = | 't - - xmf = == ST R — -~
. i { 1 . 1 | T H
' | | | | | ] i
| | i
) | I | | i
== i RSB i ;
-

1

e | tis: o | =
|4 I _ Y B —! R e T St SIS B T BT S

v | . ' v —:- T I I _é- } : | i

{ ] 1 | | | f <L - LR
SN i Witk 2l || B O 3
_..:'...__.. .l.. ......-. - LR T' PN [ S 1 et - l." ' 1 | i | ;

I | || I} : I - | TR —

_,.;_._ e _1_|__J.._ i_.._|_ — e | ! 1 i
azl | |&$>J?..;E.IL_ES_,__ i

gt Tju mq:qu 1S AN EA‘SLL‘:{ MIUET&ELE._-.-H_.,
._.;;.....:_.-_smuma WAUE ﬁﬁuaﬁmag THE . TIMING | | |
... COMPOMENTS  ARE | CL, R4l Ré; RL AND R | |
A 1] lpasgbipzl d,‘mui- ol THE DURATION | ° | 1
:-__._l<|'.;lﬂ'..| “WinTH") OF [ THE PULLES. THE PULSE$ e
4 | ARE rS'+MMEﬂllEHq.— WHEN.  R2 IS AT (TS |
! . CENTER . PosiTiON, OK TQO CONNECLT | R:z _____ £
| DIRECTLY | TO | +V  AND = . THEREBY I
..._..,ﬁLIMIMATlMG R:L ﬁuu- Rz’._.TﬁPﬁmL REiu:.u's:.. Ll

B4 - . FoR | THESE Reéuiﬂ; EEEEL 'RE R 5‘ ¢1, ez, 3, AN?E& | FoRM _[Al

| r;!i: EREQU ey | P12
I Y Li.'i. Liaa HI _E_l-ﬂzt..ggr -_EE,ELﬂﬂﬁﬁ Ey L. ] TNILJ +T FiLTEEw--.-N HE N _EEMME_q'.I'E VAl PR o

| fou | Blakel bd || k] Arom fenizimn | [T 1 b JHES E-.r-.t: 00P. OF AN dP*P:HJPﬂl_.J_._.R...*.
L 1 ot | P’ 155 T el | Mﬁ l-_'{_'_".lj;_. FR’Q B | THE | E1F_5 LTING HL:IE—C.UI?IT_. G_E_MER}LTEﬁ N L0 1 B
. 4::141 b2 Bz | | PNz TO GROUND. I - -SIHE WHUE. TAE EREQUEACY (S 14/@51&:*1,__

| 1

1 | [ lopd M | | letdggmitngid [ 11T 1T 1T gttt b R

B T i:: u: ;u.i o= TP T RN W TYPIcAL ‘&5“‘-""5 3= R [EREGbEnCS RS
I ER-Y | j i-f-ﬁ Hz H; :_'.'rJ.Z,an'J:‘.L_._ AREE S L JRsy .+_-_.._"EnLK4 _Tnitﬁ T I

L) [ T e iciroum el L | ;1_; Ilq: k 'R.SC# 1 ]

1 _ﬂk'::rn: Enin F}m.mw&ﬂ STAGE. To. EUFFE.R muiﬁf:";. R e T L 11 123 He [ -
| S S S WIS EN S - | bod e ! 1 [l N ] S
| I | | i -
| | |
|

L UNTIL IR T
— ﬂ_ﬁﬁlLLﬁT-E D e

=0
-3

B e R R e S e el

_—
)
|

1 1
ram BTSN N .
1 - 1

. !
_.__,_._.,T.,_,,.._
—

|
|
!
._

S T | - —— -t T | W | SIS T B P . B i ._r._ | —

i

- -t |

| I E | . | |
:qlb | | | I | | | | R e e el

1 H 5 1 4 . 4 & - e By N N [RaS e ' " TR | 1 | I |

|

P TR s s . T — = sl ' S — H—— 13 4 : L L | - | I
| T T T "

} ! | | | H |

| | i . 1

1 1 | o el ——— e e — w8 -
S TS P : faema } i PSR | ; . 3 } 3 3 4 ) : i | 3 i et 12 i IS e | ] |

¥ 1 1 ' T T |
| | | | |
| i i ] | |

ENEEEIN®S __ﬂl_r_.:_._.-%-.. e A
.I = SR T . . et I o I _.__:_ _1 _..______.-[. it -_.!___-__




T

s Sl

1S
; ._.I__wﬁzi_t

el el

_I_l_.' E.,,._ 1'. bl

—a

. o - |
'*‘——'T e i
j s -i. 1 -_i_i_ = .E.._ l’ 4’ \
I S BLACK  © O X1
5 O 2 BROWN 1 1 %10
EpriaiENEEEEREl RED 2 2 e 100
BEENTTECE 15 "":-:;B‘wh. | ORANGE 3 3 ¥ 1 000
v 1S 7_'5_' YELLOW 4 4 ¥ 10,000
'___' ..D' E .5._- i | I —
-_‘__ugf&ﬁ‘ Pﬁﬁ Fi’fii GREEN 5 5 « m:’.:,amr::
| E 5 —FA—R? -n__i _RETE... N BLUE o e * 1100'315:5&'0
] | B S VIOLET 7T 7 X 10,000,000
F _.5.1mcn.ﬁ.mss-. i3l goR [ | | G '
_' 1 amiuﬂT. EA'EE,_ 6 I ﬂ{’:‘:’E s & © 1U0:000:000
5, M . I | | __[. 1 111 L2
I i = | FOURTH EAND INDICATES TOLERANCE (Ar:.-:uen::‘r}:
A oE TP T W 22 ,;. GOLD=E5 % SILVER=L10% NoNE=%220%
S P T T - l.._.;;._ _:__I- i ) W
i B 018 ORM'S LAW: v=1r R=vw/1 .
A TRiangle]| | T=V/R P=vI=I°R
. _WAVE =
) O ARBRREVIATIONS
i il A = AMPERE R = RESISTANCE
£ U 0 0 200 1 0 F = FARAD V (oR E) = VOLT
] [ ] | I = CURRENT W= WATT
- “__g 6 3 i (T A P= PoweR L= OHM
i s:"haae.d_. - M (MEG-) = % 1,000,000
| _]' m&va K (RiLo=) = ¢ 1 000
FiTa m (MILL-) = ool
N 5 5 ol s 8 1 o [l M (MICRO-) = ., ooo oot
il e g ""j*'_ j n (NANO=) = , cooc ooo o0l
v_‘._m_[_E.":_'_'_"f p (Pico=) = , 000 000 000 0O1
Rieg L =1 | |
: | :,;Q.'L__ it W L]
L : T - e B e B S Nt I A
! fdrtriio , _ G .
:r—-ln 4 I _,T__ —_—————y — — l—.—- j o

@ RCcSISTOR COLOR CODE



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26

